7 



(19) 




(12) 



Europdisches Pateptamt 
European Patent Office 
Office europ^en des brevets ^ ^ 

EUROPEAN PATENT APPLICATION 





EP 0 790 304 Al 



(43) Date of publication: 

20,08.1997 Bulletin 1997/34 

(21) Application nuntier: 95309340.8 

(22) Date of filing: 21 .12.1995 

(84) Designated Contracting States: 

ATBECHDEDKESFRGBGRIEITULUMCNL 
PTSE 

(71) Applicant: AMERSHAM INTERNATIONAL pic 
Little Chalfont Buckinghamshire HP7 9NA (GB) 



(54) Improvements relating to assay systems 

(57) A method for detecting an interaction between 
two proteins while eliminating false positive Interactions 
the method being particularly useful for application in 
the two-hybrid system and for the saeening of libraries 
of unknown proteins. 



(51) lnt.a6: C12N 15/10. C12N 15/62 
C12N 15/81. C12Q1/68 ' 



(72) Inventor: 

nf HmT^^"^*^" of the Inventor has not yet bee 

(74) Representative: Privett, Kathryn Louise 
Stevens, Hewlett & Perkins, 
1 Serjeants' Inn, Fleet Street 
London EC4Y1LL(GB) 



< 

O 
CO 

o 
o> 

o 
a 

UJ 



Primed by Rank Xerox (UK) Business Services 
2.14.12/3.4 



1 



'"e'hodsforrfr^ have alsn k 

Ono. u °^'"'"9DNA4»nw ''sen used in 
such metfiod ffli . „ *"*''n9 domains of " 

°'^-'''4Zattr°^'" Cs^Tr 

to i7 !?^«on Of the ZS^"" 
^ not due (n o *o and the 



^ number of 
described wh;^ ®^3feg/es havo k 

specific intemrZ *® "«*er gen„ 'T Protein 
promoters i!?^ both of ' "on- 

^°*s that fheTr^ '^"«'ns hioh "'^ 

«'surefhaf i?'""^^'^^#We/>,^,, 
protein. ^ ^"^ "° Part of thet?^ 



'^«^S'^ti*''^«P^e^ouslybe«„ 

^^"'a^ the invem/nl ^ ^ 



1. A DMA-bind" 



-^'•"'lIore^; 

^' * ''Ofe/n in th 

"o^ei juncbon M m/oht h.n^ * 



nrficantdP--" ^^/^ * 



£5 



ntffcant do- 
trves ^ 



3 



EP0 790 304A1 



4 



and a second test protein, which method comprises: 

a) providing a host cell; 

b) providing a first chimeric gene that is capable of 
being expressed in the host cell, the first chimeric 
gene comprising a DNA sequence that encodes a 
first hybrid protein, the first hybrid protein compris- 
ing: 

(i) a first test protein that is to be tested for 
interaction with a second test protein; ar^ 

(ii) a first detection domain; 

c) providing a second chimeric gene that is capat>le 
of being expressed in the host cell, the second chi- 
meric gene comprising a DNA sequence that 
encodes a second hybrid protein, the second hybrid 
protein comprising: 

(i) a second test protein that is to be tested for 
interaction with the first test protein; and 

(ii) a second detection domain; 

d) providing a control chimeric gene that is capable 
of being expressed in the host cell, the control chi- 
meric gene comprising a DNA sequence that 
encodes a control hytwid protein, the control hybrid 
protein comprising: 

(i) the first test protein; and 

(ii) a control detection domain; 

wherein when the first detection domain and 
the second detection domain are brought into prox- 
imity to one another by an interaction between the 
first and second hybrid proteins, a first detectable 
signal is produced, and when the second detection 
domain and the control detection domain are 
brought into proximity to one another by an interac- 
tion between the second hybrid protein and the 
control hybrid protein a second detectable signal is 
produced which is distinguishable from the first 
detectable signal; 

e) introducing the first chimeric gene, the second 
chimeric gene and the control chimeric gene into 
the host cell; 

f) subjecting the host cell to conditions under which 
the hybrid proteins are expressed in sufficient 
quantity for the detectable signals to be produced; 

g) determining whether both of the detectable sig- 
nals are produced. Using such a method, some 
false positives due to interactions between test pro- 
teins and detection domains can be avoided. 

The detectable signal may be generated in a variety 
of different ways. Preferably, th first and second detect- 
able signals are produced by means of activation of first 
arxi second reporter genes. A reporter gene can be any 
gene encoding a detectable polypeptide product, 



whether it b detectable by means of a positive indicator 
eg. a colour change, or by selection, eg. on specific 
growth media. 

It is envisaged that the invention may be performed 
5 in a variety of different systems. Preferably, the inven- 
tion is performed as a nxxJified two-hybrid assay in 
which: 

b) (ii) the first detection donrain comprises a first 
10 DNA-binding domain which recognises a DNA 

binding site on the first reporter gene; 

c) 00 the second detection domain comprises a 
transaiptional activation domain; and 

d) (ii) the control detection domain conprises a 
75 second DNA-binding domain which recognises a 

DNA binding site on the second reporter gene; 

wherein the reporter genes are activated by the tran- 
scriptional activation domain when this is in sufficient 

20 proximity to the reporter genes, and the DNA binding 
sites on the reporter genes are different. False positives 
of type 1 atx)ve are thus also eliminated. The DNA bind- 
ing site is the site generally referred to as the operator in 
prokaryotic systems, and the upstream activating 

25 sequence (UAS) in eukaryotic systems. 

Preferably in the modified two-hybrid assay accord- 
ing to the invention, the first and second reporter genes 
have different promoters as well as different binding 
sites for the DNA-binding domains. Most preferably, the 

30 different promoters have as far as possible no DNA 
binding motifs in common (all promoters contain a TATA 
Ixjx which binds the TATA factor prior to initiation of tran- 
scription by RNA Pol II). This will ensure that all false 
positives of type 1 are eliminated. 

35 Preferably, also, the first hybrid protein and the con- 
trol hybrid protein lack any protein binding sites in com- 
mon other than protein binding sites specific to the first 
test protein. Protein binding sites are sequences which 
are capable of taking part in protein-protein interactions. 

40 This lack of sequence similarities ensures that false 
positives falling into classes 2 and 3 above are elimi- 
nated. 

Preferably, the modified two-hybrid assay according 
to the invention is performed in yeast, such as Saccha- 

45 romyces cerevisiae or Saccharomyces pombe. It is a 
further prefenred feature of the assay that step e), which 
is the step of introducing the first, second and control 
chimeric genes into the host cell, is performed by tnat- 
ing hapldd yeast cells of opposite mating type, one 

so yeast cell mating type containing the f irst reporter gene 
and chimeric genes which encode the first and second 
hybrid proteins, and an opposite yeast cell mating type 
corttaining the second reporter gene and a chimeric 
gene which encodes the control hybrid protein. 

55 In a second aspect, the invention provides a 
method as herein desalbed for a modified two-hybrid 
assay, wherein the first hybrid protein and the control 
hybrid protein are in the form of a single dual hybrid pro- 
tein, comprising the first test prot in and the two differ- 
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binding domains and a first test protein, the vector 
comprising nucleic acid sequences which encode 
the DNA-binding domains and an insertion site for a 
nucleic acid sequence encoding the first test pro- 
tein; 

and 

(c) an activator vector capak>le of expressing an 
activata hyt)rid protein comprising a transcriptional 
activation domain and a second test protein, the 
vector comprising a nucleic acid sequence which 
encodes the activation domain and an insertion site 
for a nucleic acid sequence encoding the second 
test proteins; 

and 

(d) two reporter genes capable of producing differ- 
ent detectable signals, each reporter gene having a 
DNA binding site for one of the DNA-binding 
domains encoded by the bait vector or vectors. 

Alternatively, the activator or bait vectors, or both, 
may already contain sequences encoding the test pro- 
teins, eg. from a cDNA library. 

The reporter genes in the kit according to the inven- 
tion may be contained in plasmids. Preferably however 
they are integrated into yeast cells of opposite mating 
type. 

The term lest protein" as used herein is consid- 
ered to include peptides, polypeptides and related mol- 
ecules including for example antibody binding 
fragments. One or both of the test proteins may consist 
of a fragment of a particular protein of interest 

Although the preferred host cells for use in the 
assay according to the invention are yeast cells, the 
invention may also be applied to two-hyt)rid saeens in 
mammalian cells, insect cells, plant cells or any intact 
eukaryotic or proKaryotic organism. In particular with 
use of yeast cells, the assay method will be capable of 
automation. It is envisaged that the removal of false 
positive interactions and the speed and ease of mating 
between two haploid yeast cells will make rt feasible to 
perform analysis of protein-protein interactions with 
higher throughput This makes automation an attractive 
facility. 

The use of two haploid yeast strains is a preferred 
but not essential part of the invention. In an alternative 
embodiment, a whole screening system may be set up 
in a single haploid or diploid strain which contains at 
least two reporter genes and has been transformed with 
the appropriate chimeric genes. 

Other types of two-hybrid system can be envisaged 
which do not depend for their end point on transcrip- 
tional activation. The principle of the present invention 
as applied to two-hybrid systems, that different hybrid 
proteins comprising the same bait protein are screened 
so that activation of two measurable end points results, 
is also applicable to these types of two-hybrid assays. 

When transcriptional activation of reporter genes is 
employed in the method according to the invention to 
provide th necessary detectabi signals, at least two 



reporter gen s with different DNA binding sites are 
required. Further reporters may also be used, which 
can be of any suitable type (measurable or selectable). 
Overall, the reporter promoters may share sequences in 

5 comnrion, provided of course that no single DNA binding 
site is present in all of the reporter gene promoters 
which are employed. 

SuitaUe reporter genes will be known to those 
skilled in the art Reporter systems which may be used 

10 In the invention include but are not limKed to anxotropic 
markers such as Histidine. p-galactosidase. luciferase, 
green fluorescent protein and Ubiquitin (9). An advan- 
tage of the ubiquitin system is that it allows monitoring 
of protein-protein interactions as a function of time. 

15 Also, the interactior^ can occur in the cytoplasm as 
opposed to the nucleus (in the conventional two-hybrki 
approach, the interaction must occur in the nucleus). 

Suitable detection domains for the hybrid proteins 
in the method according to the Invention have been 

20 described so far only with reference to two-hybrid 
assays. Other suitable detection domains envisaged 
include fluorescent moieties or moieties capable of 
becoming fluorescent. Such detection domains may 
work in the invention in the following way The first and 

25 second detection dentins, when in sufficiently dose 
proximity, cause the emission of light at a particular 
wavelength. The second detection domain and the con- 
trol detection domain, when in suff idently close proxim- 
ity to one another, cause light of a different wavelength 

30 to be emitted. The first and control detection domains 
may thus each be a different fluorescent moiety for 
which the wavelength is altered when the moiety is in 
dose proximity with the second detection domain. Alter- 
natively, the second detection domain is a fluorescent 

35 moiety for which the wavelength of the light emitted is 
altered to a different extent by proximity to the first and 
second detection domains respectively In this type of 
system the first and second detectat)le signals are light 
emitted at different wavelengths. 

40 The term DNA binding is used herein to 
desaibe a DNA binding site to which a proton, such as 
a DNA-binding domain In the method according to the 
invention, is capable of binding. Suitable reporter 
genes, pronwters, DNA-binding and activation domains 

45 etc. for use in the invention will be known to those skilled 
In the art 

Previously, three DNA-binding domains have been 
comnrwnly used in variants of the two-hytxid or interac- 
tion trap system. These indude the Gal4 DNA-binding 

50 domain (1), the LexA DNA-binding domain (4). and the 
serum response factor DNA-binding domain (5). These 
DNA-binding domains have never previously been used 
together in a duaJ bait two - hytxid system nor are there 
any examples of two DNA-binding domains being used 

55 together in a two-hybrid system for removal of false pos- 
itives. 

In detail the invention may be used practically in the 
following way, which exemplifies the principles of the 
invention described above: 
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In the first part of the false positive elimination sys- 
tem, the principles of present state of the art two-hybrid 
systems are applied. This consists of the use of two 
marker genes, a selectabi marker (eQ,Hfs3) and a 
measurable marker (eg. LacZ), These marker genes 
are placed in a haploid yeast strain under the control of 
promoters containing a specific upstream activating 
sequence (UAS) or DNA binding site (eg. the Lex DNA 
binding sequence (4)). This sequence is placed adja- 
cent to a basal promoter sequence which lacks a UAS 
(eg. basal sequences from the CYCl. GAL1 or HIS pro- 
moters). These marker constructs witi preferably be 
integrated into the yeast genome, but this is not a nec- 
essary part of the invention. The strain is transformed 
With a chimeric bait construct so that it expresses a bait 
hybrid protein comprising the bait protein domain fused 
to a DNA-binding domain (eg. the LexA DNA-binding 
sequence). The strain is also transformed with a further 
library of constructs which contain a set of chimeric acti- 
vator genes, expressing a cDNA library fused to the 
activator sequence (eg. the Gal4 activator sequence). In 
this strain those colonies which express both the meas- 
urable and selectable marker genes will be expressed 
J^'^' "?SJ ^ single strain, with two marker genes for 
rdentification of two-hybFid interaction proteins 
expressed from single activator and bait constructs is 
representataive of the state of the art prior to the 
present invention. 

For the present invention a second haploid yeast 
strain of opposite mating type is a preferred component 
This strain contains a marker gene integrated into its 
genome. This marker gene could be either a selectable 
or measurable marker gene (or two marker genes rep- 
resenting one of each type could also be used). In the 
prefen-ed example a measurable marker gene is used 
such as the green fluorescent protein GFP or a luci- 
ferase-encoding gene. The marker gene is the second 
strain IS under the control of a different basal promoter 
sequence to the marker genes in the first strain (eg 
Gall instead of CYCl). This promoter also contains a 
different UAS which is a specific DNA binding site (such 
as SRE instead of Lex). This means that there is as far 
as possible no similarity in sequence between the pro- 
moters. It is a prefen-ed feature of this invention that 
while any two promoters may share sequence similarity, 
no single sequence element is present in each of the 
promoters in front of the marker genes. A second bait 
hybrid protein will be expressed in the second strain 
which contains a different DNA-binding domain which is 
specifically able to bind to the DNA binding site in front 
of the third marker gene (ie. SRF which binds to the 
SRE promoter DNA sequence). Any epitope tags or 
intervening coding sequences between the DNA-bind- 
ing domain and the bait protein will preferably be differ- 
nt to the first bait hybrid protein so that apart from the 
bait protein there are as far as possible no ther 
sequence similarities between the two bait proteins 
The second yeast strain may be mated to the first strain 
to produce a diploid strain. If the protein of interest par- 



ticipates in a specific interaction with the bait protein 
then the diploid strain will express all three reporter 
genes. Since there are no protein sequences in the bait 
hybrid (apart from the specific bait protein sequence of 
5 interest) or DNA sequences in common between all 
three promoters, then only a true positive can give rise 
to expression of all three reporter genes. This strategy 
removes each of the classes of false positives that arise 
from interactions between molecules other than the pro- 
10 tein of interest and the bait protein. 

As well as screening for false positives in cDNA 
library screens in the two-hybrid system this approach 
will have particular utility when screening random pep- 
tide libraries (7) and antibody binding site libraries. Such 
IS libranes contain peptides of random sequence compo- 
sition which may be screened in the two-hybrid system 
in order to identify those which bind specifically to the 
bait protein of interest. Since they are random, there is 
an equal chance of a peptide occumng which binds to 
20 the bait protein domain of interest as there is of a pep- 
tide occurring which binds to the DNA-binding domain 
The present invention will remove such false positives 
- effidently ^. 

A further application of the invention to the two- 
25 hybrid system is for screening two libraries against each 
otiier in order to identify pairs of unknown interacting 
proteins. This approach may have a major application 
for Wentification of unknown gene function resulting 
from the human genome sequencing and mapping 
30 projects. Here, tfie removal of false positives is critical 
due to the large number of anticipated protein interac- 
tions which will be identified. Since in this approach the 
bait protein is unknown and is replaced by a second 
CDNA library, it is not possible to prepare matching 
35 strains transformed with bait chimeric constructs encod- 
ing pairs of bait hybrid proteins. Therefore, a modifica- 
tion to the above invention is described below which is 
based on the same novel prindple desaibed above 
For screening two libraries, two yeast strains are 
40 required which are similar to those described above 
They encode a total of at least three marker genes, at 
least two of which have promoters with entirely different 
sequences placed in front of the marker genes. A first 
CDNA library is fused to ttie activator domain and the 
45 resulting set of chimeric genes are transformed into the 
first haploid strain. No activation of any marker gene 
should occur in this strain at this stage since no bait is 
present. A second cDNA library is then fused to tv-' 
DNA-binding domains joined together in the sam-^ 
so tein to prepare a dual hybrid bait protein. Thi^^ 
transformed into ttie second bait strairi^^j^ 



number of clones in the library rr^^ 
.. '.5^ 



sequences encoding proteins^"^''^//? 
tional activation domains oiA^r^^^e 



55 rise to r^rter activation-^^ 
encoding clones of t^^ 
activation of th^^ 
should ther>-*^ 
of a se*''^ 
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can be selected against (such as ura3 which can be 
selected against using 5-FOA). The two haploid yeast 
strains can then be mated and resulting diploid strains 
which express each of the marker proteins selected for 
and analysed. This will give rise to a bank of yeast colo- 5 
nies expressing interacting pairs of proteins which are 
substantially free from false positives. False positives 
which may occur in the library vs library screening strat- 
egy are those activator library proteins that bind to the 
DNA-binding portion of the chimeric bait protein, or pos- 10 
siWy bait proteins that bind to the activator domain of 
the chimeric activata protein. Further analysis using 
the preparation of single bait hybrid proteins from the 
known proteins as desaibed above, will largely exclude 
this class of false positives. is 

The elimination of false positives is essential for the 
analysis of interacting proteins by library versus library 
screening in the two-hybrid system. Efficient removal of 
false positives will permit high throughput automation of 
the saeening process. 20 

False Positives 

The present invention is directed in particular to the 
screening of DNA libraries against known proteins, or 25 
against DNA libraries, to detect interacting proteins. The 
false positives which may arise when using a known bait 
protein to screen a library have been discussed above, 
nun*ered 1 to 4. The additional false positives which 
may be encountered when one library is screened 30 
against another are: 

5. A transcriptional activator might be cloned into 
the DNA-binding hybrid which would activate tran- 

, scription independently of the activator hybrid; 35 

6. Protein encoded by the tait hybrid might bind to 
the activation domain of the activator hybrid. 

Also covered by the invention are schemes for 
reducing or eliminating false positives, which will be 40 
desCTibed below. These may apply to library versus 
library screening only, or single library screening also. 
All of these schemes are based on the two-hybrid sys- 
tem. 

45 

I. Removal of false positives from libraries prior to 
mating 

(i) Removal of DNA-binding domains and transcrip- 
tional activation domains from library clones. so 

This scheme removes false positives from groups 
1 (a), 1 (b) and 5 in the list above. Each strain of opposite 
mating type contains a reporter such as ura3 that can 
be selected against. The library hybrids can be intr - ss 
duced into the strains and any clones which activat the 
ura3 reporter can be selected against using 5'FOA. The 
remaining viabl yeast dones can be mated to look for 
true positives. Strains of opposite mating type contain- 



ing library hybrids are shown in Rgure la. 

(ii) Removal of DNA-binding domains and transcrip- 
tional activation domains from library dones 
together with any dones which bind to the DNA- 
binding donr^n of the bait hybrid vector and any 
dones which bind to the activation domain of the 
activator vector. 

This scheme involves an empty bait (i.e. DNA-bind- 
ing hybrid minus the library protein) and an empty acti- 
vator 0-6. activation hybrid minus the library protein). 
This is a further development of (i) above which 
renx3ves false positives in dasses 1 (a) , 1 (b), 2, 5 and 6. 
It could be used in both a single library screen and a 
library versus library screen. Strains of opposite mating 
type for this scheme applied to library versus library 
screening are shown in Rgure lb. 

II. An alternative scheme for removing DNA-binding 
domains and transcriptional activation domains 
from library clones post mating 

This scheme involves the use of an inducible yeast 
promoter driving the activator hybrid. A key point is that 
the two reporters have the same basal promoter such 
as Gat 1 but different specific DNA binding sites. Note 
that the bait has to contain a single DNA-binding 
domain for this scheme because it relies on a second 
reporter to remove false positives as described below. 

A true interaction will result in expression of 
reporter 1 but not reporter 2 under inducing conditions. 
In non indudng conditions, both reporters would be 
switched off. 

A false positive is present if the first reporter is 
expressed when cells are grown under non inducing 
conditions. In this situation, the activator hybrid is "off" 
or expressed at very low levels. It is possible to screen 
out activation domains inadvertentiy doned as part of a 
library into the bait hybu-id vector by plating the cells witii 
negative selection under non indudng conditions. 

In the alternate case there may be general DNA- 
binding clones in tiie activator hylxid library which birtd 
to the basal reigon of the promoter e.g. TATA binding 
proteins. A false positive wouM result in expression of 
reporter 2, under indudng conditions. 

If tiie second reporter can be selected against e.g. 
uraS, then both sets of false positives desaibed above 
could be removed from the libraries. False positives in 
dasses 1(a). 1(b) and 5 are removed. 

This scheme is illustrated in Figure 2. 

EXAMPLES 

Applicati n of this invent! n: 

The invention will allow the removal of two prindple 
dasses of false positives which are not fully removed by 
current two-hybrid systems without time-consuming 
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methods which involve plasmid curing and plasmid res- 
cue. 

1 . Those proteins which bind to a specific element 
in the promoter. In particular, those proteins which 
interact with the UAS sequence (eg. Lex or SRE). 

2. Those proteins which Interact with the DNA-blnd- 
ing domain of the bait protein or other sequences 
present in the bait protein which are not specifically 
present in the bait protein domain of interest. 

TTie use of two DNA-binding domains in dual bait 
proteins allows the use of two or more independent 
reporter genes which do not have promoter sequences 
in common. The Examples which follow show that this 
principle can be applied to removing both classes of 
false positive. 

Example 1 

Removal of a false positive arising from a protein 
which Interacts with the reporter gene promoter 
sequence: 

The SRF (serum response factor) binds to the serum 
response element. Using the SRE-SRF interaction as a 
DNA-blnding domain-promoter UAS combination, the 
SRE sequence is placed in front of a Gall basal pro- 
moter and a reporter gene such as GFP. The SRF DNA- 
binding domain is placed in a bait chimeric vector so 
that it may be expressed as a fusion protein with any 
bait protein of Interest Ihe baiX protein used in this 
example is the Pho80 protein from yeast. This protein 
alone will not give rise to transcriptional activation of the 
GFP reporter. An activator chimeric construct or library 
is then introduced into the strain. Proteins which interact 
with the bait protein domain of interest will then give 
activation of the GFP reporter. However, if a mammalian 
cDNA library is used, then SRE binding proteins such 
as SRF will be present in the library. Such proteins will 
activate transcription of the GFP reporter gene since 
they will be fused to a transaiptional activation domain 
such as that from VP16 or Gal4. To illustrate this, a 
deliberately constructed chimeric construct expressing 
SRF fused to the VP16 or Gal4 activation domain is 
shown to give activation of the GFP reporter through the 
SRF-SRE interaction. However, when a dual assay is 
used using a LexA DNA-binding domain in a second 
bait, and LexA UAS -His3 and LacZ reporters, this does 
not give rise to activation of the other two reporters. 
Therefore a lalse positive" of this type would be 
removed at the first saeening stage of a two-hybrid 
assay. In this example, SRF and LexA are the first 
detection domain and the control detection domain 
respectively in the method according to the invention. 



Example 2 

Removal of false positives arising from interactions 
between the protein of interest and backbone 
5 sequences in the bait protein ther than tfie bait 
protein domain of interest 

Pho80 expressing bait containing the SRF DNA-binding 
domain is prepared as above. This protein will birxi to 

10 the SRE element in the promoter in front of the GFP 
reporter as above. If a protein is expressed from the 
activator which binds to SRF. then this protein binds to 
the SRF DNA-blnding domain, rather than the PhoSO 
protein of interest in the bait giving rise to false positive 

75 activation of expression of the GFP reporter. SAP1 is an 
SRF binding protein which gives rise to such a false 
positive result. To illustrate this. SAP1 is cloned into a 
two-hybrid chimeric activator construct where It is 
expressed as a fusion with the Gal4 activation domain. 

20 In a single bait two-hybrid experiment this construct 
gives rise to "aberrant" GFP expression. By using the 
double bait approach with the dual Lex reporters, the 
Sapl is not capable to give rise to activation of the Lex- 
regulated His3 and LacZ reporter genes. Once again 

25 therefore a "false positive" of this type would be elimi- 
nated at the first screen for true two-hybrid interactions. 
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50 Claims 

1. A method for detecting an interaction between a 
first test protein and a second test protein, which 
method comprises: 

55 

a) providing a host cell; 

b) providing a first chimeric gene that is capa- 
ble of being expressed in the host cell, the first 
chimeric gene comprising a DNA sequerKe 
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2. 



3, 



that encodes a first hybrid protein, the first 
hybrid protein comprising: 

(1) a first test protein that is to be tested for 
interaction with a second test protein; and 
(ii) a first detection domain; 

c) providing a second chimeric gene that is 
capable of being expressed in the host cell, the 
second chimeric gene comprising a DNA 
sequence that encodes a second hybrid pro- 
tein, the second hybrid protein comprising: 

(i) a second test protein that is to be tested 
for interaction with the first test protein; and 

(ii) a second detection domain; 

d) providing a control chimeric gene that is 
capable of being expressed in the host cell, the 
control chimeric gene comprising a DNA 
sequence that encodes a control hybrid pro- 
tein, the control hybrid protein comprising: 

(1) the first test protein; and 
fii) a control detection domain; 

wherein when the first detection domain 
and the second detection domain are brought 
into proximity to one another by an Interaction 
between the first and second hybrid proteins, a 
first detectable signal is produced, and when 
the second detection domain and the control 
detection domain are brought Into proximity to 
one another by an Interaction between the sec- 
ond hybrid protein and the control hybrid pro- 
tein a second detectable signal is produced 
which is distinguishable from the first detecta- 
ble signal; 

e) introducing the first chimeric gene, the sec- 
ond chimeric gene and the control chimeric 
gene into the host cell; 

f) subjecting the host cell to conditions under 
which the hybrid proteins are expressed in suf- 
ficient quantity for the detectable signals to be 
produced; 

g) determining whether both of the detectable 
signals are produced. 

A method as claimed in daim 1. wherein there is 
further provided in the host cell, a first reporter gene 
which is activated to produce the first detectable 
signal when the first and second hybrid proteins 
interact, and a second reporter gene which is acti- 
vated to produce the second detectable signal 
when the first and corrtrol hybrid proteins interact. 

A method as claimed in claim 2, which is a modified 
two-hybrid assay in which: 
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b) (ii) the first detection domain comprises a 
first DNA-blnding domain which recognises a 
DNA binding site on th first reporter gene; 

c) (ii) the second detection domain comprises a 
transaiptional activation domain; and 

d) (iO the control detection domain comprises a 
second DN A-binding domain which recognises 
a DNA binding site on the second reporter 
gene; 

wherein the reporter genes are activated by the 
transcriptional activation domain when this Is in suf- 
ficient proximity to the reporter genes, and the DNA 
binding sites on the reporter genes are different. 

4, A method as claimed in claim 3. wherein the first 
and second reporter genes have different promot- 
ers. 



20 5. A method as claimed in claim 3 or claim 4. virtierein 
the first hybrid protein and the control hybrid protein 
have no or siiDStarrtially no protein binding sites in 
common other than protein binding sites specific to 
the first test protein. 
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6. A method as claimed In any one of claims 1 to 5. for 
screening proteins encoded by a DNA library, 
wherein the second test protein is encoded by a 
DNA sequence froni a cDNA library. 

7. A method as claimed in claim 6, wherein the host 
celt is yeast. 

8. A method as claimed in any one of claims 2 to 5. 
wherein step e) is performed by mating haploid 
yeast cells of opposite mating type, one containing 
the first reporter gene and chimeric genes encoding 
the first and second hybrid proteins and another 
containing the second reporter gene and a chimeric 
gene encoding the control hybrid protein. 

9. A method as claimed In claim 3(or claiin 4, wherein 
the first hybrid protein and the controlt^rid protein 
are in the form of a single dual hybrid protein, com- 
prising the first test protein and the two different 
DNA-binding domains. 

10. A method as claimed in daim 9, wherein,**' 
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and second test proteins are derived > 
libraries. 

11. A method as claimed In daig* ;^/>7/>,^ 
step e) is performed byrr^ 0rQ^ 
opposite mating typ^ 
gen ncodina ti"'^ 
and second/ 
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12. A kft for detecting an interaction between pairs of 
test proteins, which kit comprises: 

(a) two different bait vectors capable of 
expressing two different hybrid proteins com- s 
prising different DNA-blnding domains and a 
first test protein, each vector comprising a 
nucleic acid sequence which encodes one of 
the DNA-binding domains and an insertion sKe 

for a nucleic acid sequence encoding the first 10 
test protein; 
or 

(b) a single bait vector capable of expressing a 
dual bait hybrid protein comprising two different 
DNA-binding domains and a first test protein, is 
the vector comprising nudeic acid sequences 
which encode the DNA-binding domains and 

an insertion site for a nucleic acid sequence 
encoding the first test protein; 

and 20 

(c) an activator vector capable of expressing an 
activator hybrid protein comprising a transcrip- 
tional activation domain and a second test pro- 
tein, the vector comprising a nucleic add^ 
sequence which encodes the activation 2s 
domain and an insertion site for a nucleic add 
sequence encoding the second test proteins; 

and 

(d) two reporter genes capable of producing 
different detectable signals, each reporter gene 30 
having a DNA binding site for one of the DNA- 
binding domains encoded by the bait vector or 
vectors. 
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